The diagnosis of alopecia can be challenging, necessitating clinicopathologic correlation and careful attention to detail by both the clinician and pathologist. Furthermore, patients can have multiple co-existing forms of alopecia accounting for their hair loss. Rendering a precise diagnosis in such cases can be difficult and complex, but can certainly be accomplished. The pathologist should be able to recognize the salient features of two or more distinct entities within the same specimen. The medical literature is largely silent about the concept of multifactorial alopecia; our attempts to find references about multifactorial alopecia were met without success, although a recent comprehensive text on hair pathology alludes to the problem. 1 Many forms of alopecia are common in the general population. Therefore it would not be unexpected for two forms to occur together in the same patient, resulting in multifactorial alopecia. The diagnosis of multifactorial alopecia is relatively straightforward when two biopsy specimens are taken from anatomically distinct areas of the scalp (e.g. vertex and temple) and demonstrate different pathologic processes [e.g. androgenetic alopecia (AGA) and traction alopecia]. A more complex and challenging situation occurs when the changes of two separate diagnoses appear in a single specimen. Therefore, the focus of this article will be to present an approach to the diagnosis of multifactorial alopecia in a single biopsy specimen.
Materials and methods
We reviewed 1360 consecutive alopecia specimens submitted to a private dermatopathology practice specializing in hair loss over a 16-month period. Specimens were transversely sectioned at multiple levels from the fat up to the epidermis. Our laboratory accomplishes this by putting three separate levels on a single slide, with six to eight slides required to provide all levels from fat to epidermis. A total of 95% of the 1360 reviewed specimens were 4 mm punch biopsies, and all cases diagnosed as multifactorial alopecia were 4 mm punch biopsies.
Results
A total of 170 individual specimens showing multifactorial alopecia (all 4 mm punch biopsies) were found; thus 12.5% of the alopecia samples demonstrated multifactorial alopecia in a single plug of tissue. The most common combination of diagnoses was AGA with central centrifugal cicatricial alopecia (CCCA), accounting for 27.1% of all cases of multifactorial alopecia. The next most commonly diagnosed combination in a single biopsy was CCCA with end-stage traction alopecia, representing 18.2% of multifactorial alopecia cases. Androgenetic alopecia with end-stage scarring (or cicatricial) alopecia tallied 17.1%, with AGA with telogen effluvium accounting for 7.6%. Additional diagnostic combinations included AGA paired with one of the following: lichen planopilaris (LPP), alopecia areata, telogen effluvium, frontal fibrosing alopecia, or fibrosing alopecia in a pattern distribution (FAPD). Six instances of AGA combined with features of CCCA and end-stage traction alopecia were found, necessitating the diagnosis of three types of alopecia within the same biopsy specimen. The complete results of our review appear in tabular form in Table 2 .
In addition to multifactorial alopecia, we found 34 specimens (2.5%) demonstrating features of hair loss as well as displaying a 'non-alopecia' diagnosis such as seborrheic dermatitis. Common examples include AGA and seborrheic dermatitis, or CCCA and tinea capitis; however, numerous other combinations are possible. Out of the 34 cases, the 'non-alopecia' diagnoses found in order of decreasing frequency were: seborrheic dermatitis (18/34; 52.9%), rosacea (6/34; 17.6%), folliculitis (6/34; 17.6%), lichen simplex chronicus (3/34; 8.8%) and tinea capitis (1/34; 2.9%).
Discussion
Evaluating the specimen Simply knowing the biopsy site can be helpful in arriving at a diagnosis of alopecia. Examples of alopecia diagnoses typically associated with certain scalp locations are listed in Table 1 . As specific areas on the scalp tend to be prone to particular diseases, biopsies from those areas are more likely to show specific combinations of multifactorial alopecia (Fig. 1) . For example, a biopsy from the temporal scalp might show AGA in combination with end-stage traction alopecia, frontal fibrosing alopecia, or temporal triangular alopecia; any combination of these might occur within a biopsy from this site.
The diagnosis is often dependent on finding different diagnostic features in different follicular units within the same specimen. In fact, the key to making a diagnosis of multifactorial alopecia is recognition that not all follicular units within the specimen will show features of both diseases simultaneously. For example, some follicular units may show follicular scars with residual inflammation and naked hair shafts (end-stage cicatricial alopecia); other units may show miniaturized hairs with peribulbar inflammation (alopecia areata). Thus the findings in some units are totally discordant with the findings in other units, necessitating a diagnosis of multifactorial alopecia. In order to make a confident diagnosis of multifactorial alopecia within a single biopsy, certain criteria should be met. These are as follows:
1. The biopsy is adequate for proper interpretation.
The histologic findings seen in the biopsy
specimen cannot be explained with a single diagnosis. 3. The clinical history (if supplied by the clinician) is consistent with the proposed diagnoses. 4. In some cases, it may be necessary to have a biopsy of normal-appearing scalp (a 'control' biopsy) in order to render a definitive diagnosis of multifactorial alopecia within the alopecic zone.
The adequate specimen. In general, this will almost always require a punch biopsy at least 4 mm in diameter, sectioned horizontally at multiple levels. Multiple levels are required because diagnostic features of one form of alopecia may be prominent at one level, while a second form of alopecia may only be evident at a different level. Furthermore, it is often the case that the combined histologic features seen at different levels are required for a confident diagnosis of even a single form of alopecia. It is unlikely that a confident diagnosis of multifactorial alopecia could ever be established using vertical sections. In addition, biopsies smaller than 4 mm sample so few follicular units, the likelihood of finding definitive pathologic changes is greatly reduced. Although a 4 mm biopsy contains 12.6 mm 2 of surface area, a 3 mm sample has a surface area of only 7.07 mm 2 , reducing the sample area available for evaluation by nearly one half.
The histologic findings seen in the biopsy specimen cannot be explained with a single diagnosis. This is the central feature of multifactorial alopecia, and it requires familiarity with the diagnostic criteria for the various forms of alopecia. A discussion of these criteria is beyond the scope of this article, but can be readily found elsewhere.
1 -4 The specific criteria utilized in this study are found in Ref. 1 and so we will not list them here, but as an example, the criteria for AGA 1 are as follows. To arrive at a diagnosis of multifactorial alopecia, it is necessary to assess the total number and types of follicles and the individual follicular units (Table 2 ). Numerical data often plays an important role in the diagnosis of multifactorial alopecia. The total number of hairs, size of hairs and follicular phase (anagen vs. catagen/telogen) may point to a specific diagnosis. For example, normal or slightly decreased terminal follicle density and increased number of stelae along with miniaturization of follicles (and minimal inflammation) points to a diagnosis of AGA. A normal follicular density with 20-30% of all terminal follicles in catagen/telogen and no miniaturization indicates chronic telogen effluvium (with early traction alopecia ruled out clinically). Therefore, a biopsy demonstrating normal follicular unit architecture, miniaturization of terminal follicle diameter and 20-30% of follicles in catagen/telogen suggests a multifactorial etiology caused by both AGA and chronic telogen effluvium.
The clinical history (if supplied by the clinician) is consistent with the proposed diagnoses. For example, a diagnosis of AGA and alopecia areata would not 'fit' if the patient were a 4-year-old child, and this combination of diagnoses could not be confidently made in such a clinical setting.
Our examples represent multifactorial alopecia within a single specimen. However, in some cases, it may be necessary to have a biopsy of normal-appearing scalp to confidently render a definitive diagnosis of multifactorial alopecia within a single specimen from the 'involved' area. For example, a patient might show AGA and telogen effluvium in a specimen from the crown. However, as AGA typically has an elevated telogen count, a second biopsy from an area unaffected by AGA (such as the mid occiput), also revealing an increase in telogen hair follicles, would be helpful to confirm that the 'involved area' contains telogen follicles due to two processes -telogen effluvium and AGA. If a confident diagnosis requires an additional biopsy from normal appearing scalp, this can be mentioned in a comment in the biopsy report.
We will now present some examples of common forms of multifactorial alopecia (occurring in the same specimen). We will list those features supportive of each individual diagnosis, using the figures to demonstrate these features. In the examples given, we have been supplied with an adequate specimen and clinical information and/or clinical images that are consistent with the selected diagnoses. Therefore, we can focus on the histologic features. (arrowheads) in both the involved scalp and normal appearing scalp. Features suggestive of trichotillomania:
1. Incomplete or distorted follicular anatomy. The total number of vellus hairs in the entire biopsy (when counted at a higher level) was markedly increased, establishing a diagnosis of AGA. Original magnification ×40 (A) and ×100 (B and C).
